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We present a 8904-nt sequence of the central part of the RNA genome of a novel virus with a filovirus-like, nonidentical morphology
named Taastrup virus (TV) detected in the leafhopper Psammotettix alienus. Sequence analysis identified five potential open reading frames
(ORFs) and a complex pattern of homologies to various members of the Mononegavirales suggests a genome organization with the following
order of genes: 3V-N-P-M-G-L-5V. Sequence analyses reveal an unusually large glycoprotein (G) containing both potential O-linked (14) and
N-linked (9) glycosylation sites—a feature shared with the glycoproteins of Filoviridae and Pneumovirinae, and a nucleoprotein (N) with
homology to the nucleoprotein of viral hemorrhagic septicemia virus (VHSV), a member of the Rhabdoviridae. Highly conserved domains
were identified in the RNA-dependent RNA polymerase (L) between TV and other viruses within the order of Mononegavirales, and
homology was found in particular with members of the Rhabdoviridae. The sequence similarities and the unique filovirus-like but
nonidentical morphology unambiguously refer this newly identified virus to the order of Mononegavirales but to no family more than any to
other within the order.
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Members of the Mononegavirales are enveloped viruses
with a genome consisting of a nonsegmented single-strand-
ed negative-sense RNA molecule that can vary from ap-
proximately 9–19 kb in size. The order includes the families
Rhabdoviridae, Paramyxoviridae, Filoviridae and Bornavir-
idae. It is a characteristic feature of the Mononegavirales
that a variety of member species have exceptionally wide
host ranges such as for instance Marburg- and Ebola-like
viruses, Newcastle disease virus, Borna disease virus and
rabies virus. In addition, many viruses within this order have
been identified over the past decades causing diseases in
host species in which they had not previously been recog-
nized. Examples are phocid distemper virus (Osterhaus and
Vedder, 1988), Hendra virus (O’Sullivan et al., 1997),
Menangele virus (Philbey et al., 1998), Nipah virus (Chua0042-6822/$ - see front matter D 2003 Published by Elsevier Inc.
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E-mail address: siig@biobase.dk (L.S. Christensen).et al., 2000)—not to forget the reemerging divergent mem-
bers of the Filoviridae (Marburg- and Ebola-like viruses)
(Balter, 2000; Monath, 1999). Yet, it is the general picture
that the origins of these emerging viruses as well as the
mechanism(s) of their appearance remain obscure, and
meteorologists are mobilized to identify distant host reser-
voirs to which new host targets might have been exposed.
Strikingly, bats are often found to play a role in the
emergence of these viruses and insects have been consid-
ered as reservoirs in the reemerging epidemics caused by
filoviruses (Monath, 1999).
The latter hypothesis was nourished by the incidental
finding by electron microscopy of filovirus-like structures in
the leafhopper Psammotettix alienus, and a putative virus
was designated Taastrup virus (TV) (Lundsgaard, 1997)
from a city in Denmark where it was first observed.
However, it was reported by Lundsgaard (1997) that the
morphology of TV, although alike, was not identical to that
of filoviruses, and attempts at several laboratories to identify
close relatives of the known members of the Filoviridae
were unsuccessful (unpublished data). In the present study,
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ization of the central part of the genome of the virus species
that was found to be housed in filovirus-like structures. We
conclude that TV is a newly discovered member of the
Mononegavirales.Results
The approach of random cDNA synthesis and subse-
quent PCR gave DNA fragments of 800–3600 bp. Two
positive clones of the pGEM-T library designated pTV5*
and pTV6 were found to contain partially overlapping
inserts of 2500 and 3600 bp, respectively, generating a
contiguous sequence of approximately 6000 bp. The semi-
random walking procedure and subsequent PCR generated
fragments of 300–1800 nucleotides each and repetitive
attempts resulted in three clones of flanking sequences as
shown in Fig. 1. Sequencing was performed in both
directions and repeated on RT-PCR products used in
subsequent studies for cloning and expression of open
reading frames (data not shown). A contiguous sequence
of 8904 nt could be generated from which further attempts
of semirandom walking were unsuccessful.
Sequence analysis of the 8904 nt sequence in both
directions reveals five putative open reading frames (ORFs)
as shown in Fig. 1.
The putative ORF-1 of 215 amino acids is located at the
3V-terminus of the virus sense genome and most likely onlyFig. 1. Cloning of genomic regions and putative open reading frames in the partia
random amplification from C15-tagged oligo-hexamers primers and plasmid clone
primers specific for the termini of the contiguous sequence, 6A, 5A* and 218A,
Vertical bars above and under the lines are putative transcription start and stop crepresents a part of a coding region. A homology search
using BLASTp showed homology to the C-terminal part of
the N-protein from the viral hemorrhagic septicemia virus
(VHSV) and lettuce necrotic yellowing virus (LNYV), two
members of the Rhabdoviridae. A DotPlot matrix analysis
was conducted comparing ORF-1 to N proteins from VHSV,
sonchus yellowing net virus (SYNV), rice transitory yellow-
ing virus (RTYV), LNYV, Ebola virus and Borna disease
virus as shown in Fig. 2. This analysis revealed a signifi-
cant, colinear and scattered homology to the N-proteins of
VHSV and LNYV. Significant homologies in parts of the
putative protein to the N-protein of the other viruses were
seen as well.
The ATG codon of the putative ORF-2 located at position
913 is flanked by an A residue at position 3 and a G at the
+4 position. According to Kozak (1986), this context is
optimal for effective translation in eukaryotic organisms.
The ORF-2, when starting from this codon and ending at the
first stop codon at position 2638, has the potential of
encoding a protein of 575 amino acids with an estimated
molecular weight of 66 kDa and a pI value of 5.24. The
sequence is found to have 22 potential phosphorylation
sites, 5 potential N-glycosylation sites and 12 potential O-
glycosylation sites. A BLASTp search did not result in any
significant matches with any other protein.
The first ATG codon of the putative ORF-3 in an optimal
context for efficient translation (Kozak, 1986) is located at
position 2866. Thus, ending at the first stop codon located at
position 3517, ORF-3 encodes a protein of 217 amino acidsl genome of Taastrup virus. (A) Plasmid clones pTV6 and pTV5* based on
s pTV130, pTV218 and pTV518 based on semirandom amplification from
respectively. (B) Putative open reading frames deduced by Frame (GCG).
odons, respectively.
Fig. 2. DotPlot matrix analyses of the putative N protein of TV in comparison with N proteins of member species of the Mononegavirales using the GCG
software package. A window setting of 30 and a stringency of 15 were used. The putative N protein of TV is oriented vertically in each comparison.
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of 9.57. ORF-3 has 25 potential phosphorylation sites, two
potential N-glycosylation sites and eight potential O-glyco-
sylation sites scattered along the sequence. A BLASTp
search did not result in any significant matches.
ORF-4, starting at the first ATG codon at position 3619
and ending at the first stop codon at position 6253, consists
of 878 amino acids with a calculated molecular weight of
99.720 kDa and a pI of 5.46. Fig. 3 shows a hydrophilicity
plot based on the method by Kyte and Doolittle (1982)
indicating two hydrophobic regions (black top), one repre-
senting the putative signal sequence at the N-terminal Met1
to Cys20 and the other representing a putative transmem-
brane region at Ile836 to Met858 near the C-terminus, apredominately hydrophilic central region and a small hy-
drophilic region located at the C-terminus. The putative
signal sequence (MSSLIFPILSILYFGLGAVC) consists of a
polar N-region, a hydrophobic central region and a neutral
C-region, and it has a cleavage site with the sequence of
AVC/YKL. A putative bipartite nuclear localization signal
(bNLS) consisting of two basic motifs as underlined and
spaced by 12 amino acids, KKNMAYYSTNGLIIRRR, was
identified between Lys73 and Asn89. Fourteen potential O-
linked and nine potential N-linked glycosylation sites were
found to be located primarily in the central hydrophilic
region of the protein. In addition, 63 potential phosphory-
lation sites were found scattered along the sequence. A
BLASTp search based on the entire protein revealed no
Fig. 3. (A) A hydrophilicity plot of the putative G protein of TV using the algorithm of Kyte and Doolittle (1982) with a window setting of 9. Distinct
hydrophobic regions are shown as black tops above the line of neutrality. (B) Potential N (N) or O (O) glycosylation sites as deduced by the NetNGlyc 1.0 and
NetOGlyc 2.0 programs, respectively. The two distinct hydrophobic regions in the proximity of the N and C termini are shown in black and were predicted to
be a signal sequence (SS) and a transmembrane region (TM) region, respectively. The central hydrophilic area is hatched.
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cant colinear homology of ORF-4 to glycoproteins of
members of the Mononegavirales was found by DotPlot
matrix analysis (not shown).
The first optimal start codon (cf. Kozak, 1986) in the
putative ORF-5 is located at position 6373. A BLASTp
search revealed that this ORF representing the coding
capacity of 844 amino acids encodes the N-terminal part
of an L-protein with high homology to L-proteins of
viruses within the family of Rhabdoviridae, in particular,
as shown in the DotPlot matrix analysis in Fig. 4. The L-
proteins of the Mononegavirales have been found to share
six conserved domains (I–VI), three of which are in the N-
terminal 900 amino acids (Poch et al., 1989, 1990).
Domain III is believed to play an essential role for the
RNA polymerase activity (Schnell and Conzelmann, 1995)
and contains four highly distinct and conserved motifs
(Poch et al., 1990). Fig. 5 shows the multiple sequence
alignment of the putative domain III of TV with domain
III of representatives of the various families within the
Mononegavirales. The four conserved motifs of domain III
are shared also by TV with the notable exception that TV
has a serine residue instead of the highly conserved
glycine residue in motif D. A dendrogram based on an
alignment of domain III from 30 species representing the
various families of the Mononegavirales is shown in Fig.
6. The topology of this dendrogram is consistent with the
classification of species of the Mononegavirales described
in the Seventh Report of the International Committee on
Taxonomy of Viruses (Desselberger, 2002). TV is found
located closest to the genus of Nucleorhabdovirus.
As shown in Fig. 7, the potential transcription initiation
and termination signals among the five putative coding
regions are highly conserved. The regions among putativetranscribed regions consist of nonconserved di- or tri-
nucleotides and predicted untranslated regions vary in
length between 22 and 200 nucleotides.Discussion
In the present study, we have identified a 8904 nucleotide
central part of the genome of a new virus named Taastrup
virus (TV), the natural host of which is the leafhopper P.
alienus. Homology searches against the sequence databases
available to the public revealed a significant colinear ho-
mology in the putative N and L proteins of TV with member
species of the order of the Mononegavirales, particularly
within the Rhabdoviridae family.
Further attempts of primer walking from the 8904 nu-
cleotide central part of the genome were unsuccessful,
possibly due to secondary structures or association with
proteins at the termini. By analogy to the N proteins of
member species of the Mononegavirales consisting of 400–
450 amino acids (Dale and Peters, 1981; Barr et al., 1991)
and the coding capacity of 215 amino acids identified at
present in ORF-1 encoding a putative N protein in TV, it is
suggested that a 3V-terminal region of 500–750 nucleotides
remains to be cloned and sequenced. Likewise, by analogy
to the L proteins of member species of the Mononegavirales
consisting of 1968–2331 amino acids (Basurco and Ben-
mansour, 1995; Bukreyev et al., 1995) and the coding
capacity of 844 amino acids of ORF-5 identified at present
in TV, it is suggested that a 5V-terminal region of 3300–
4500 nucleotides remains to be cloned and sequenced.
Alternative approaches to the ones adopted during the
present study like 3V and 5V RACE (Frohman, 1994) on
purified mRNA from the salivary glands of infected P.
Fig. 4. DotPlot matrix analysis of the N-terminal part of the putative L-protein of TV with the 900 N-terminal amino acids of member species of the
Mononegavirales. The window and stringency values were set to 30 and 20, respectively. The putative L protein of TV is oriented vertically in each
comparison.
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genome of TV, and this work is in progress.
The identification of open reading frames in TV suggests
an order of nonoverlapping genes with intergenic regions of
nonconserved di- or tri-nucleotides and highly conserved
transcription and termination signals. The pattern of non-
overlapping genes with intergenic regions of nonconserved
di- or tri-nucleotides is seen in most of the viruses within the
Rhabdoviridae and Paramyxoviridae (Harcourt et al., 2001;
Rose and Whitt, 2001), while in contrast, Filoviridae con-
tain overlapping genes (Sanchez et al., 1993). The conser-
vation of transcription and termination signals in the
different genes is a feature that is common among the
Mononegavirales, and there is significant homology be-tween the termination signal of TV (5V-AGATTTA(A)-
GAAA(A)-3V) and that of Filoviridae (5V-ATTAAGAAAAA-
3V) (Ikegami et al., 2001). No significant homology is seen
in the initiation signal of TV when compared to such signals
in other viruses within the Mononegavirales.
ORF-2 in the genome of TV is suggested to encode a
phosphoprotein (P). However, this assumption is based only
by analogy to the genomic localization of an acidic protein
common to members of the Mononegavirales. The coding
potential of this part of the genome in other members of the
Mononegavirales is often complex, generating multiple
gene products from overlapping reading frames (Galinski
and Wechsler, 1991; Kretzschmar et al., 1996; Lamb and
Kolakofsky, 2001, Spiropoulou and Nichol, 1993). From the
Fig. 5. Alignments of domain III of the putative L protein of TV with that of L proteins of member species of the Mononegavirales. The alignments were
conducted with the Pileup 1000 program from the GCG package. The numbering refers to the amino acids of the putative L protein of TV. Conserved residues
and motifs are marked with letters and boxes, respectively.
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the ORF-2 region (Fig. 1), this possibility can be excluded
for TV. Potential phosphorylation sites and glycosylation
sites are scattered along ORF-2, ORF-3 and ORF-4, and
their distribution does not give any information to support
any assumptions regarding functionality of these genes.
Thus, further investigations are required to substantiate the
assumption of ORF-2 being a phosphoprotein.
ORF-3 in the genome of TV is suggested to encode a
matrix protein (M). This is based only on the coding
capacity of a basic protein of 217 amino acids equivalent
with 24 kDa and by analogy to other viruses of the
Mononegavirales normally encoding a basic M protein at
this position with a size ranging from 20 to 42.5 kDa
(Blumberg et al., 1984; Conzelmann et al., 1990; Dale
and Peters, 1981).
There is much stronger evidence based on sequence and
functional similarities that ORF-4 in TV is encoding a
glycoprotein (G) analogous to the G proteins of other
member species of the Mononegavirales. Sequence analyses
reveal that G of TV is a classical type 1a transmembraneprotein with the N-terminal part exposed to the exterior of
the membrane, a cleavable signal sequence and the C-
terminal region exposed to the cytoplasm (Singer, 1990).
This topology is a common feature between the Filoviridae
and Rhabdoviridae (Klenk, 1999; Rose and Whitt, 2001),
while G among the Paramyxoviridae is a type II transmem-
brane protein characterized by a N-terminal cytoplasmic
domain, a noncleavable signal peptide and a C-terminal
ectodomain (Collins, 1990; Wertz et al., 1985). The poten-
tial bNLS located between amino acid 73 and 89 in the
putative G protein resembles that of classical bNLS in
having two basic motifs separated by around 10 amino
acids of nonconserved sequence (Dingwall and Laskey,
1991; Le Roux et al., 1993; Smith and Greene, 1992;
Zacksenhaus et al., 1993). bNLS’s are responsible for
selective transport of proteins from the cytoplasm into the
nucleus which is a common feature among viruses replicat-
ing and transcribing in the nucleus (Briese et al., 1992;
Cubitt and de la Torre, 1994). Borna disease virus belonging
the Bornaviridae as well as SYNV and RTYV belonging to
the Rhabdoviridae has this transport mechanism and all
Fig. 6. Dendrogram based on domain III in the putative L protein of TV (marked with a circle) and domain III of 30 member species of the Mononegavirales.
The alignments were made by the ClustalX1.8 program using the neighbor-joining method. The scale bar indicates a sequence divergence of 10%.
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and Shikata, 1971; Goodin et al., 2001; Schwemmle et al.,
1999). The presence of a bNLS-like domain in TV might
suggest that TV also replicates in the nucleus, but electronFig. 7. (A) Predicted genomic nucleotide sequence of transcription initiation (Ini) an
(B) Predicted lengths of 5Vand 3Vuntranslated regions (UTR) including transcriptmicroscopic investigations of infected cells from P. alienus
do not support such a hypothesis (T. Lundsgaard, unpub-
lished data). In addition, glycoproteins from enveloped
viruses are translocated through the endoplasmic reticulumd termination (Ter/Poly(A)) signals as well as intergenic regions (IR) of TV.
ion signals of the open reading frames of TV.
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TV is not functional. The potential TM region near the C-
terminus of the putative G protein has 23 residues and
resembles the classical structure for eukaryotic anchor
sequences in having a high amount of hydrophobic residues
(Singer, 1990). Two charged residues, Asp851 and Lys855,
are near the C-terminal of the predicted anchor sequence,
which is quite unusual due to the hydrophobic environment
of the membrane. However, this feature is among others also
seen in the TM domain of two members of the Rhabdovir-
idae, Chandipura virus (Masters and Banerjee, 1987) and
bovine ephemeral fever virus (Walker et al., 1992). They
could play a role in trapping the anchor in the membrane.
The TM domain of TV does not resemble any of the known
TM domains from other viruses of the Mononegavirales
(see Schroth-Diez et al., 2000). The majority of potential O-
linked glycosylation sites predicted in the G protein of TV is
quite atypical among the Mononegavirales, where N-linked
glycosylation normally is predominant (Coll, 1995; Galinski
and Wechsler, 1991). Only viruses within the Filoviridae
(Geyer et al., 1992; Sanchez et al., 1998) and the Pneumo-
virus genus (Collins, 1990; Wertz et al., 1985) have been
shown to have a majority of O-linked glycosylation of G.
The predicted size of the putative G protein of 874 amino
acids is unusually large compared to other G proteins of the
Mononegavirales (Coll, 1995). This could indicate that
ORF-4 encodes a second protein, a feature seen in the
Ephemerovirus genus (Walker et al., 1992; Wang and
Walker, 1993). However, the localization of the two hydro-
phobic domains in proximity to the end strengthens the
hypothesis that ORF-4 only encodes a single protein. In
addition, the distinct spike-like structures protruding from
the TV particle as previously reported (Lundsgaard et al.,
1997) indicate that the G protein of TV might be unusually
large.
Attempts of phylogenetic analyses of TV in comparison
with other members of the Mononegavirales were only
possible using the L protein, which is known to be the most
conserved (Poch et al., 1990). Although a significant boot-
strap value was seen for TV being a neighbor to the genus of
Nucleorhabdovirus, the branch lengths to this genus and to
the other genera of the Rhabdoviridae are in the same order
of magnitude as those seen among different families within
the Mononegavirales (Fig. 6). This means that a taxonomic
subclassification of TV within the group based on sequence
similarities is not reliable.
In conclusion, the sequence homologies together with
the open reading frames suggesting a 3V-N-P-M-G-L-5V
gene order unambiguously refer TV to be a new member
species of the Mononegavirales. Due to the ambiguity in
sequence homology to member species of the Mononega-
virales and due to the complex pattern of similarities in
functional features of the putative coding regions with
member species of the order, the apparent similarity in
gene order with the Rhabdoviridae and its Filoviridae-like,
yet unique morphology, we suggest that the Taastrup virusis referred to its own family within the Mononegavirales
tentatively named Taastrupviridae.Materials and methods
Virus purification
Approximately 120 leafhoppers (P. alienus) were used as
source. Each leafhopper was immobilized under a dissec-
tion microscope and the head together with the salivary
glands was removed with a needle, crushed with a blunt
glass rod and pooled in 1 ml diethylpyrocarbonate (DEPC)-
treated phosphate-buffered saline (PBS). Debris was sedi-
mented by centrifugation at 1800  g and 15 jC for 5 min.
The virus in the supernatant was precipitated by centrifu-
gation at 13000  g for 20 min at 15 jC. The sediment was
dissolved in 100 Al DEPC-PBS and placed on top of a 5–
25% (w/v) linear gradient of di-potassium tartrate hemi-
hydrate in DEPC-PBS. After centrifugation in a Beckman
SW 50 l rotor at 15000 rpm for 10 min at 15 jC, five
fractions (0.5 ml each) were collected from the upper half of
the gradient using the Beckman fraction recovery system.
Each fraction was diluted with 0.5 ml DEPC-PBS and
centrifuged at 13000  g for 40 min at 15 jC. The
sediments were dissolved in 50 Al DEPC-PBS. For estimat-
ing the relative concentration of particles in each fraction, a
volume of 5 Al from each fraction was inspected under the
electron microscope. The two fractions with highest particle
numbers were added 20 units RNAguard (Amersham Bio-
sciences) and DEPC-treated PBS to a final volume of 200
Al and stored at 20 jC.
cDNA synthesis, amplification and cloning
Viral RNA was isolated with the QIAamp Viral RNA
Mini Kit (QIAGEN GmbH) according to the manufacturer’s
protocol.
An initial random cDNA synthesis was performed basi-
cally as described by Froussard (1992). A volume of 9.5
Al viral RNA and 1 Al (1 AM) C15-tagged oligo-hexamer
primer was mixed, preheated for 10 min at 72 jC and
rapidly cooled on ice. A first strand synthesis master mix
containing 1 Thermoscript buffer (GibcoBRL), 10 mM
DTT, 1 mM dNTP, 20 units RNAguard (Amersham Bio-
sciences) and 20 units Thermoscript RNaseHreverse tran-
scriptase (GibcoBRL) was added and the sample incubated
at 25 jC for 10 min, then at 60 jC for 50 min. The reaction
was terminated at 72 jC for 15 min. For second strand
synthesis, a volume of 22-Al water was added and the
sample was denatured for 2 min at 94 jC and then rapidly
cooled on ice. To the solution was added 3 Al DNA
polymerase, Klenow fragment (5 U/Al) (USB), 5 Al 10
filling-in buffer supplied with the DNA polymerase, Kle-
now fragment and 0.4 mM dCTP. A sufficient amount of
C15-tagged oligo-hexamer from the first strand synthesis
Table 1
Member species of the Mononegavirales and accession numbers of
sequences from GenBank used for comparative studies
Species Abbreviation N protein G protein L protein
Borna disease virusa
strain Lipkin
BDV-Lipkin 9627498
Borna disease virusa
strain V
BDV-V 15718086 15718104 15718112
Bovine ephemeral
fever virusb
BEFV 10086573
Bovine paraInfluenza
virus 3c
BPIV-3 9634115
Bovine respiratory
syncytial virusc
BRSV 9631270 9631274 9631278
Canine distemper
virusc
CDV 14150877
Ebola virusd strain
Reston Philippines
EBOV-Rest.-
Phil.
15823609 15823612 15823616
Ebola virusd strain
Zaire Mayinga
EBOV-Zai.-
May.
11761750 8489003
Human parainfluenza
virus 1c
HPIV-1 19718373
Human parainfluenza
virus 2c
HPIV-2 19525727
Human parainfluenza
virus 3c
HPIV-3 10937876
Human respiratory
syncytial virusc
HRSV 9629209
Infectious
hematopoietic
necrotic virusb
IHNV 9628088
Lettuce necrotic
yellowing virusb
LNYV 532495
Marburg virusd
strain Musoke
MBGV-Mus. 279539
Measles virusc strain
Moraten vaccine
MeV-Mor. 4757597
Measles virusc strain
Rubeovox vaccine
MeV-Rub. 4757595
Mumps virusc Mumps 15081561
Newcastle disease
virusc
NDV 133604
Nipah virusc NiV 13559815
Phocine distemper
virusc
PDV 1707654
Rabies virusb RABV 18448106 9627202
Rice transitory
yellowing virusb
RTYV 2961427 2961429
Rinderpest virusc RPV 628304
Sendai virusc Sendai 9627228
Simian virus 41c SV41 419467
Snakehead rhabdovirusb SHRV 9633483
Sonchus yellowing
net virusb
SYNV 9627722 9627726 9627727
Vesicular stomatitis
virusb strain New
Jersey Hazelhurst
VSNV-Haz. 75271
Vesicular stomatitis
virusb Strain New
Jersey Odgenb
VSNV-Odg. 419470
Viral hemorrhagic
septicemia virusb
VHSV 9632551 9632556
a Bornaviridae.
b Rhabdoviridae.
c Paramyxoviridae.
d Filoviridae.
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binding of the hexamer part of the primer, the solution was
first incubated at 25 jC for 5 min and then at 37 jC for 90
min. The reaction was terminated at 72 jC for 15 min. The
DNA products were purified with the MinElute PCR
Purification kit (QIAGEN GmbH) according to the manu-
facturer’s protocol.
The semirandom walking procedure described by Mor-
zunov et al. (1995) was adapted to amplify regions flanking
the central part of the genome that was generated by the
random cDNA synthesis approach. In brief, first and second
strand DNA was synthesized in each direction by succes-
sively using a specific primer for the terminus of previously
cloned genomic regions (see Fig. 1) under the same con-
ditions as described above.
Random and semirandom cDNA products were ampli-
fied by PCR using C15 and termini-specific primers, respec-
tively, as sole primer in the reactions. All reactions were
carried out in volumes of 50 Al using 5 Al purified cDNA,
0.2 mM dNTP, 1 DyNazyme II buffer (FINNZYMES), 0.4
AM primer, 1 unit DyNazyme II (Finnzymes). The samples
were heated to 94 jC for 2 min followed by 35 cycles of 94
jC for 15 s, 50 jC for 30 s and 68 jC for 6 min. PCR
products were detected by agarose gel (1%) electrophoresis
with ethidium bromide and subsequent visualization by UV
exposure according to standard procedures (Sambrook et al.,
1989). PCR fragments were purified with QIAquick PCR
purification kit (QIAGEN GmbH) according to the manu-
facturer’s protocol.
PCR products were ligated into pGEM-T vector (Prom-
ega) and transformed into Subcloning Efficiency DH5a
Chemically Competent E. coli (Life Technologies) follow-
ing the procedure described by the manufacturer. Plasmid
DNA from white colonies was purified using QIAprep Spin
Miniprep kit (QIAGEN, GmbH).
Sequencing and sequence data analysis
Sequencing was done with the ABI PRISM Dye Termi-
nator Cycle Sequencing Ready Reaction Kit using an ABI
PRISM 377 automated sequencer (Applied Biosystems)
under conditions described by the manufacturer. Sequencing
was done in both directions initially using the M13lacZ
forward and reverse primers (Perkin-Elmer Cat. Nos.
55265-3/93 and 55260-3/93) and subsequently by a primer
walking strategy using primers in the insert. All inserts were
sequenced in full length in both directions and edited using
the Sequencer 3.1.1. software (Gene Codes Corporation).
Nucleotide and amino acid sequences were compared to
the current GenBank, EMBL and SwissProt databases using
the Basic Local Alignment Search Tool services (BLAST
and BLASTp) at http://www.ncbi.nlm.nih.gov. Putative
open reading frames (ORFs) were identified by the Frame
program from the GCG software package (Genetics Com-
puter Group, Madison, WI). Pair wise and multiple align-
ments were executed by using the programs DotPlot and
J.O. Bock et al. / Virology 319 (2004) 49–5958Pileup100 from the GCG software package. Putative gly-
cosylation sites were predicted by the NetOGlyc 2.0. and
NetNGlyc 1.0 and putative phosphorylation sites were
predicted by NetPhos 2.0, all three programs located at
http://www.cbs.dtu.dk. Phylogenetic analyses were executed
using Clustal X 1.8 (EMBL, Heidelberg, Germany, May
1994) using the default parameters and 1000 bootstrap
replications. Phylograms were visualized with TREEVIEW
Version 25 (Page, 1996).
Virus abbreviations and accession numbers
Virus sequences for comparisons were retrieved from the
GenBank and SwissProt databases located at the NCBI and
are shown in Table 1. The partial sequence of TV of the
present study is deposited at GenBank under Accession No.
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